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(Contribution from the Department of Chemistry

State University of New York at Buffalo, Buffalo, New York 14214)

Organometallic Gallium(I) Anions

Prepared by a Reductive Elimination Reaction

by

0. T. Beachley, Jr. and Randall G. Simmons

Abstract

A series of ((trimethylsilyl)methyl)gallium (1) compounds,

MIGa(CH2SiMe3)2 (MI = Na, K) and MIGa(CH2SiMe3)2 "MeOC2H4OMe (MI = Li,

Na) have been prepared and fully characterized by elemental analyses,

cryoscopic molecular weight measurements in benzene solution, solubility

properties and infrared, IH and 13C NMR spectral data. These novel

compounds represent a new class of organometallic derivative, which

incorporate low oxidation state, main-group, metallic anions. The pre-

parative route to these organogallium(I) compounds involves an apparent

reductive elimination reaction between Ga(CH 2SiMe3 )3 with alkali-metal

hydrides in benzene or dimethoxyethane. All available data including

the high solubility in aliphatic and aromatic solvents, low melting

points and molecular weight measurements are consistent with the fol-

lowing covalent molecular formulas: [KGa(CH2SiMe3)2]2 , [NaGa(CH2SiMe3 )2]3

and [LiGa(CH2SiMe3 )2.MeOC2H4OMe]x. Structures involving gallium-gallium

bonds are proposed to account for observed molecular association and

chemical properties.
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Introduction

Organometallic compounds have been known for over 100 years. Much

of the development of the chemistry of the transition-metal derivatives

can be ascribed to the synthetic utility of redox reactions and metal

carbonyl anions. In contrast the chemistry of the organometallic

derivatives of the main-group elements has focused on the properties and

reactions of compounds with the metals in their highest oxidation states.

Consequently, the literature contains very few examples of well-defined,

kinetically stable, low oxidation state organometallic compounds or of

reactions in which the main-group metal in an organometallic derivative

changes oxidation state. The compounds,3A In(C-H) and TI(c5Hg), are

the only examples of low oxidation state Group III organometallic de-

rivatives. Both of these compounds ' exist in the solid state as

linear polymers with the cyclopentadienyl ring exhibiting pentahapto

coordination. In Group IV chemistry, the unique low oxidation state

compounds MIv(CH(SiMej)2)2 (MIv J Ge, Sn, Pb) have been prepared and

thoroughly characterized. An X-ray structural study of the tin com-

pound confirms a dimeric structure which has an apparent bent tin-tin

double bond using the available electron pair and vacant orbital on each

tin(II) atom.

The two potential routes to low oxidation state main-group organo-

metallic compounds involve the alkylation of a low oxidation state

halogen compound or the reduction of a high oxidation state organo-

metallic derivative. The alkylation reaction has been applied to the

syntheses of the MIv(CH(SiMe3 )2 )2 compounds from MivCl2 and the lithium
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alkyl. 7  In contrast the synthesis 3 8 of In(C5H5) involves a reduction

reaction since the starting material is InCl 3. The cyclopentadienide

anion8 is considered the reducing agent for In(C5H5)3 . Regrettably,

both of these observed reactions are of limited use for the synthesis of

other Group III derivatives. The common low oxidation state halogen

compounds incorporate the metal in both the low and high oxidation

states, 9 for example Ga +GaCl 4
-

The chemistry of the hydride derivatives of the heavier main-group

metals suggest the potential occurrence of facile reduction reactions at

the metallic center. Previous researchlO has shown (HGaCl2)2 to quan-

titatively form Ga+GaCl4 - and H2 at 250. Trichlorogermane, I HGeCl3

undergoes rapid evolution of HCl at 500 to generate the low oxidation

state compound, GeCl2. This latter reaction is an apparent example of

reductive elimination, a class of reaction which has been of little

synthetic utility in main-group chemistry. Thus, a controlled reduction

reaction of a hydride derivative might be a possible route to a kineti-

cally stable, low oxidation state organometallic compound if associative

and dissociative low energy decomposition pathways for the product can

be avoided. The ligands, CH2SiMe3, CH(SiMe3)2 and N(SiMe 3)2 , have been

observed to minimize the availability of these types of decomposition

pathways. 12 Thus, the reactions of tris((trimethylsilyl)methyl)gallium

(III) with alkali-metal hydrides were investigated as possible routes to

low oxidation state gallium compounds. In this paper we report the

syntheses and characterizations of organogallium compounds with the

simplest formula, KGa(CH2SiMe 3)2 and NaGa(CH2SiMe3)2 . Since these for-

.. . . __ -. t
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mulas are consistent with the gallium being in the +1 oxidation state,

these compounds represent a new clas, of organometallic derivative,

which incorporate low oxidation state, main-group metallic anions. The

nature of the synthetic reaction path, the unusual properties of these

novel compounds and their possible structures based on available data

are discussed.

Experimental

Materials. All compounds described in this investigation were extremely

oxygen and moisture sensitive and were manipulated in a vacuum line or a

purified nitrogen or argon atmopshere. The solvents were purified by

refluxing with an appropriate drying agent and vacuum distilled just

prior to use. The drying agents for the solvents dimethoxyethane,

benzene and methylene chloride were sodium-benzophenone ketyl, sodium

ribbon and phosphorus pentoxide, respectively. The alkali-metal hydrides

were purchased from Alfa Inorganics as an oil dispersion. The oil was

removed by repeated extraction with dry pentane. Tris((trimethylsilyl)-

methyl)gallium (111), 13 Ga(CH2SiMe 3)3, was prepared from GaCl 3 by a

standard Grignard reaction in diethylether.

Synthesis of ((Trimethylsilyl)methyl)gallium (I) Compounds:

MIGa(CH2SiMe3 )2 (MI = Na, K) and MIGa(CH2SiMe 3)2-.MeOC2H4OMe (MI = Li, Na).

The low oxidation state derivatives MIGa(CH2SiMe3)2 (M1 = Na, K) and

MIGa(CH2SiMe 3)2"MeOC2H4OMe (MI = Li, Na) were prepared from Ga(CH 2SiMe3 )3

and the appropriate alkali-metal hydride in benzene or dimethoxyethane,

respectively. The nature of the product depends on both the reducing

_ _ _ I
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agent and solvent. To illustrate the experimental procedure, the pre-

paration of N#Ga(CH2SiMe3 )2 is described in detail. All other compounds

were prepared in a similar manner. Table I gives the specific reaction

conditions, melting point data and the percent yields of products. Analy-

tical data for the new compounds are given in Table II, molecular weight,

infrared and NMR data in appropriate sections.

A 250 mL heavy wall pyrolysis tube equipped with a side arm break-

seal was charged with 1.726 g (5.213 mmol) Ga(CH2SiMe3 )3 and 0.313 g

(13.0 mmol) NaH in the dry box. Then, all of the following manipula-

tions were carried out with the apparatus under high vacuum. Dry ben-

zene, 20 mL, was distilled into the tube using a -196' bath. The tube

was sealed and the reaction mixture heated at 450 with stirring for 24

hr. After the break-seal was opened, the reaction mixture was filtered

to remove unreacted NaH. The volatile components were then separated by

fractional distillation to yield benzene (-78' trap) and 0.452 g (5.13

mmol, 98.5% yield) tetramethylsilane (-1960 trap). The product, NaGa-

(CH2SiMe3)2, was isolated as a colorless, crystalline solid (1.362 g,

5.098 mmol, 97.8% yield). No further purification was necessary.

The new low oxidation state compounds, NaGa(CH 2SiMe3 )2, KGa(CH2SiMe3 )2

and NaGa(CH 2SiMe3 )2 .MeOC2H4OMe, are very soluble in aliphatic and aro-

matic solvents as well as the more polar solvents methylene chloride,

acetonitrile and diethylether. In contrast, the lithium derivative,

LiGa(CH2SiMe3 )2 .MeOC2H4OMe, has only limited solubility in n-pentane and

benzene but is readily soluble in the polar solvents, dimethoxyethane

and tetrahydrofuran.

lb ____ __
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Analyses The new ((trimethylsilyl)methyl)gallium (1) compounds

were analyzed for gallium by EDTA titration. 14 The percentages of

alkali metals (Li, Na, K) were determined by standard atomic absorption

procedures using a Perkin-Elmer Model 503 spectrometer. The mmol of

CH2SiMe3 groups per mol gallium was determined by quantitatively con-

verting the ligand into Si(CH3)4 by reaction of the organogallium(I)

compound with anhydrous hydrogen chloride in benzene solution at room

temperature. The Si(CH3)4 was separated from all other volatile com-

ponents in the reaction mixture by passage through a -780 trap and into

a -1960 trap on the vacuum line. The purity of the Si(CH 3)4 was con-

firmed by vapor pressure measurements and IH NMR and infrared spectro-

scopy. All analytical data are given in Table II.

Molecular Weight Studies Molecular weight measurements were ob-

tained cryoscopically in benzene by using an instrument similar to that

described by Shriver.15 The following molecular weight data for the

new ((trimethylsilyl)methyl)gallium (I) compounds were observed.

NaGa(CH2SiMe 3)2 (formula wt 267): Calc. molality monomer, (observed

molecular weight). 0.2655(811), 0.1610(809), 0.1334(816), 0.0834(807);

KGa(CH2SiMe3 )2 (formula wt 284): 0.2165(572), 0.1460(572), 0.1355(568),

0.1138(572); NaGa(CH2SiMe3 )2 "MeOC2H4OMe (formula wt 357): 0.0930(854),

0.0917(827), 0.0761(778), 0.0505(722), 0.0462(699), 0.0320(604);

LiGa(CH2SiMe 3)2 "MeOC2H4OMe (formula wt 341): Compound has insufficient

solubility in benzene for molecular weight measurements.

Infrared Spectra The infrared spectra were recorded in the range

4000-250 cm 1 by means of a Perkin-Elmer Model 457 spectrometer. The

spectra were recorded as Nujol mulls using CsI plates. Absorption
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intensities were measured by using the method of Durkin, Glore and

DeHayes.
16

-1Following are the spectral data: frequency, cm (intensity: vs,

very strong, s, strong; m, medium; w, weak; sh, shoulder). Bands due

to mulling agents have been omitted. NaGa(CH2SiMe3)2 : 1265 (s), 1252

(s), 1252 (vs), 981 (s), 960 (s), 855 (vs), 835 (vs), 765 (m), 735 (m),

691 (w), 565 (w), 509 (s), 480 (m).

KGa(CH 2SiMe 3)2: 1251 (s), 1238 NOs, 970 (s), 947 (s), 856 (vs, 834

(vs), 763 (m), 743 (m), 680 (w), 564 (w), 504 (s), 483 (m).

LiGa(CH2SiMe3 )2 "MeOC2H4OMe: 1255 (s), 1244 (vs), 1200 (m), 1130 (m),

1084 (m), 1032 (w), 969 (s), 865 NOs, 840 (vs), 770 (s), 765 (s), 699

(m), 559 (m), 518 (s), 481 (w).

NaGa(CH 2SiMe 3)2 .MeOC2 4OMe: 1255 (s), 1245 (vs), 1198 (m), 1122 (m),

1085 (in), 982 (s), 960 (s), 855 (vs), 825 (vs, 760 (s), 740 (s), 685

(m), 565 (w), 508 (s), 475 (m).

Nuclear Magnetic Resonance Spectra: The IH NMR spectra were recorded at

100 MHz and ambient temperature by using a Joelco Model MH-100 spectro-

meter. All chemical shifts (T) are given in ppm (Table III) and are

referenced to tetramethylsilane as 10.00 ppm. The IH NMR spectra for

all ((trimethylsilyl)methyl)gallium (I) compounds were observed as

methylene chloride solutions.

The 13C NMR spectra of d6-benzene solutions were recorded at 25.2

MHz and ambient temperature using a Varian XL-100 spectrometer. All

chemical shifts (ppm) are referenced to tetramethylsilane and are

downfield of it. [KGa(CH2SiMe3 )2]2 4.49 (SiCH2 ), 3.91 (SiMe); [NaGa-

*777727,
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(CH2SiMe3)2]3 4.05 (SiCH2 ), 3.85 (SiMe); Ga(CH2SiMe3)3 13.29 (SiCH2 ),

3.06 (SiCH3 ).

Lewis Acidity Studies:

The Lewis acidities of the ((trimethylsilyl)methyl)gallium (I)

compounds, MIGa(CH2SiMe3 )2 (MI = Na, K), were studied by reacting a

stoichiometric quantity of the desired acid with excess base (trimethyl-

amine, acetonitrile, diethylether, tetrahydrofuran and dimethoxyethane).

The reaction mixture was stirred at room tempearature for two hours.

The volatile components were then removed until no dissociation pressure

was observed. If a stoichiometric quantity of base was retained by the

acid, the stable adduct was characterized by its 1H NMR spectrum (Table

III). In those cases in which a non-stoichiometric quantity of base was

retained, the product was not further characterized.

Stable 1:1 adducts were isolated at room temperature for the fol-

lowing acid-base pairs: KGa(CH 2SiMe 3)2 - dimethoxyethane, NaGa(CH2SiMe3)2 -

dimethoxyethane, - tetrahydrofuran and - trimethylamine.

Results and Discussion

A novel class of organometallic derivatives of gallium as exempli-

fied by KGa(CH2SiMe3 )2, NaGa(CH2SiMe 3)2 and LiGa(CH2SiMe3)2 "MeOC2H4OMe

have been prepared by a new synthetic reaction and fully characterized.

The composition of these sharp-melting, colorless, crystalline solids

are consistent with gallium being classified in the +1 oxidation state.

Thus, these novel, kinetically stable, low oxidation state compounds

represent the first examples of anionic, sigma-bonded organometallic

derivatives of gallium (1).

The new gallium (I) compounds were prepared from tris((trimethyl-



Table III

Proton NMR Data for the Alkali-metal ((Trimethylsilyl)methyl)gallium

WI Compounds and their Lewis Acid Base Add uctsa

Compound Si-CH3 protons Si-CH2 protons Lewis Base Protonsb

(ppm) (ppm) (ppm)

LiGa(CH 2SiMe3)2MeOC2H4 OMe 9.96 10.18 singlet CH2  6.41

NaGa(CH 2SiMe 3)2  
9.95 10.80 sige CH3 65

NaGa(CH 2SiMe 3)2MeOC2H4OMe 9.93 10.55 singlet CH 2  6.39

singlet CH 3  6.55

NaGa(CH 2SiMe 3)20(CH2)4  9.92 10.63 multiplet CH2  6.15

multiplet CH2  8.05

NaGa(CH2 SiMe 3)2 N(CH 3)3  9.95 10.67 singlet CH 3  7.79

KGa(CH SiMe3) 9.93 10.01

KGa(CH SiMe )MeO C2H4OMe 9.92 10.14 singlet CH2  6.64

singlet CH2  6.61

a)Chernical shifts (-r) are given in ppm relative to tetramethylsilane.

Methylene chloride was used as solvent.

b )The chemical shifts (ppm) for the non-adducted Lewis Base-protons in

methylene chloride relative to Si(CH 3 4 are the following: dimethoxy-

ethane, singlet CH2 (6.57), singlet CH 3 (6.72); tetrahydrofuran,

multiplet ct-CH 2 (6.40), multiplet -CH2 (8.25), trimethylamine, singlet

CH 3 (7.79).
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sily)methyl)gallium (III), Ga(CH2SiMe 3)3 , and an alkali-metal hydride

by a stoichiometric reaction as summarized by the following idealized

equation. There are several aspects of this particular reaction which

Ga(CH2SiMe3)3 + MIH Solvent > MIGa(CH2SiMe3)2 + Si(CH3)4

MI = K, Na Solvent = C6H6

MI = Na, Li Solvent = MeOC2H4OMe

are synthetically and experimentally attractive. The specific nature of

the gallium (I) product can be easily changed by using different alkali-

metal hydrides and solvents in a reaction which is carried out under

very mild conditions. When benzene is used as solvent only KH and NaH

react at 450 to form the simple compounds, KGa(CH2SiMe3)2 and NaGa(CH2SiMe3)2.

In the case of dimethoxyethane, lower reaction temperatures (250) can be

employed, but the final product incorporates a mole of solvent, NaGa-

(CH2SiMe 3)2-MeOC2 H4OMe and LiGa(CH 2SiMe 3)2 MeOC2 H4 OMe. Since the gallium

(I) product is soluble in the reaction medium, the excess, insoluble

metal hydride is easily separated by simple filtration. Finally, the

extent of reaction is readily monitored by the evolution of tetramethyl-

silane. The reaction is observed to be stoichiometric, giving essenti-

ally quantitative yields of both tetramethylsilane and the gallium (I)

product (Table I).

The stoichiometry of the preparative reaction, the analytical data

and the chemical and spectral properties of the products confirm the

occurrence of an oxidation-reduction reaction. The gallium (III) reac-

tant is converted to a gallium (I) product, a reduction process. The

only other product, Si(CH3 )4, must then be the product of the oxidation

reaction. The following reaction sequence summarizes the proposed path
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for KH but it is equally applicable to the other metal hydrides. All

experimental data suggest that the gallium (I) product is formed by a

KH 4 Ga(CH2SiMe 3)3  - - KGa(CH2SiMe3 )3H

KGa(CH2 SiMe3)3H Reductive 0 KGa(CH2SiMe3)2 + Si(CH3)4

reductive elimination reaction of a gallium (III) hydride intermediate,

KGa(CH2SiMe3 )3H. The gallium (III) hydride intermediate is formed in a

Lewis acid-base reaction between Ga(CH2SiMe3 )3 and the alkali-metal

hydride, a thoroughly studied class of reactions for electron-deficient

compounds.2 The observed order of reactivity of the different metal

hydrides for forming the gallium (1) products, KH > NaH > LiH, is iden-

tical to that observed for forming the simple Lewis acid-base adducts ofI2 the aluminum alkyls,2 MAIR 3H. Thus, a primary factor controlling reac-

tivity is probably related to the relative magnitude of the lattice

energies of the alkali-metal hydrides. The quantitative formation of

products in the preparative reaction, the lack of any infrared bands in

the 2100-1800 cm- region and the analytical data confirm that the

gallium (Ill) hydride intermediate is readily converted to the gallium

(I) product. The nature of the proposed facile reductive elimination

reaction (Step 2) was investigated using NaD. Mass spectral data show

that the deuterium is quantitatively incorporated into the tetramethyl-

silane as (CH3 )3SiCH2D. These results suggest that the reductive elim-

ination reaction might occur as a non-radical, possibly concerted,

process. Non-radical reactions should produce only (CH3 )3SiCH2D, where-

as the existence of radical paths would lead to Si(CH3)4 by hydrogen

abstraction from the solvent.

"'77-.,
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The new organometallic gallium (I) compounds have properties of

typical covalent substances - low melting points and solubility in

hydrocarbon solvents. The cryoscopic molecular weight measurements in

benzene solution indicate that molecular association is an important

structural feature for these compounds. The potassium derivative,

[KGa(CH2SiMe3 )2]2 exists in benzene solution as a dimer whereas [NaGa(CH2SiMe 3)2]3

is a trimer. These degrees of molecular association suggest that the

properties of the alkali-metal ions, including their steric and thermo-

dynamic effects, influence the specific nature of the molecule. The

unique solubility properties and low melting points of the gallium (I)

compounds are also consistent with relatively weak interactions between

associated molecular units. The structures and nature of bonding of the

molecules, infrared, 1H and 13C NMR data, and Lewis acidity studies for

these gallium (I) compounds will be discussed in turn.

Molecular association of the monomeric formula units can occur by

metal-metal or alkyl bridge bonding. All available data suggest that

both the dimer, [KGa(CH2SiMe 3 )2]2, and trimer, [NaGa(CH2SiMe3 )2]3,

exist with metal-metal bonds. The proposed dimeric structure for

[KGa(CH2SiMe3)2]2 (Figure 1) is analogous to that defined by an X-ray

structural study7 for [Sn(CH(SiMe3 )2]2 . Since the number of metal

centered electron pairs and vacant orbitals in the SnR 2 and GaR2 -

monomeric units is identical, analogous modes of bonding can be proposed.

The gallium dimer would have the equivalent of a bent gallium-gallium

double bond, which results from a pairwise orbital overlap scheme bet-

ween the filled non-bonding orbital of one Ga(CH2SiMe3)2 unit with the

vacant orbital of the other. This bonding scheme requires the gallium
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MeSHCK CH SiMe3

h Me SiH C Ga ~ a CH SiMe3

Figure 1

Proposed Structure and Bonding Scheme for [KGa(CH2SiMe3 )2]2

(I) atoms to function simultaneously as both a Lewis acid and base, a

condition which leads to "synergic bonding". The potassium atoms are

most likely situated near the sites of orbital overlap between the two

gallium atoms. Bonding might involve a 3-centered interaction. The

nature of the (trimethylsilyl)methyl groups could provide a hydrocarbon

sheath around the periphery of the molecule and possibly cover the

potassium atoms. Thus, intermolecular interactions between the dimeric

units would be minimized. The existence of metal-metal bonding in

gallium chemistry is well documented. Gallium metal consists of dimeric

(Ga2 ) units arranged in deformed sets of hexagonal rings. 17  The anion,18

[Cl3Ga-GaCl3
2-, has been prepared by the anodic oxidation of gallium

metal in 6 M HC1. The dioxane adduct of Ga2Cl4, [GaC1 2 "O2C4H8 ]2, has a

structure which incorporates a gallium-gallium bond.19 In the last

..... . r~w 2 ' .j. i
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two examples, the metal-metal bnd was verified by a Raman band around

235 cm-1 . Similar attempts to confirm the gallium-gallium bond in the

new ((trimethylsilyl)methyl)gallium (I) derivatives were thwarted by the

extremely low quality of Raman spectra due to high florescence.

The second possible mode of molecular association is by three-

centered electron-deficient alkyl bridge bonding as shown by the follow-

ing structure. However, this type of bonding is inconsistent with our

SiMe3

CH2

Ga Ga CH SiMe3Ga Ga

Me3SiH2 C K)

CH2

SiMe3

experimental data, including the lack of reaction between [KGa(CH2SiMe3)2)2

with amines and strong oxygen bases, and IH NMR chemical shift data for

solutions containing these types of bases. The details of these experi-

mental results are discussed in a following section. Bridge bonding

has not been previously observed in gallium chemistry.2 There are no

alkyl substituted gallium compounds which are associated in solution by

alkyl bridge bonding. Lastly, it is important to realize that the

proposed electron precise gallium-gallium bonds in the low oxidation

state compounds should be energetically more favorable than electron-

deficient alkyl bridge bonds.
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The proposed structure for the trimer, [NaGa(CH2SiMe3)2)3, (Figure

2) is closely related to the proposed structure of [KGa(CH 2SiMe 3)2]2.

The addition of another monomeric Ga(CH2SiMe3 )2 unit to the dimer leads

to a triangular arrangement of gallium atoms linked by gallium-gallium

single bonds. The sodium atoms would be similarly placed near sites of

orbital overlap between gallium atoms and occupy positions along the

edges of the gallium atom triangle. The smaller size and stronger

bonding interactions of the sodium atoms compared with potassium might

be responsible for the observed increase in degree of molecular associ-

ation. Since the structure and nature of bonding of the dimer and

trimer are very closely related, similar chemical and physical proper-

ties are observed. It is noteworthy that the structures proposed for

Me3SiH 2C CH2SiMe3

Ga [a

Me 3SiH 2C Na'CH 2SiMe 3

Ga

Me3SiH 2C CH2SiMe3

Figure 2

Proposed Structure and Bonding Scheme for [NaGa(CH2SiMe 3)2) 3.

adman -E- -,
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the dimer and trimer are analagous to the type observed for the rhenium

halides,20'21'22 Re2Cl8
2 - and Re3Cl9.

The NMR spectral data are fully consistent with the proposed struc-

tures. Since the (trimethylsilyl)methyl groups in [KGa(CH2SiMe3 )2]2

and [NaGa(CH2SiMe3)233 occupy magnetically equivalent positions, only

two sharp lines are observed in both the IH and 13C NMR spectra for each

compound (Table III). One line is assigned to the methyl-hydrogen or -

carbon atoms whereas the second line corresponds to the methylene-

hydrogen or -carbon atoms. It is interesting that the methylene proton

resonance shifts to higher field as the molecular association increases

from dimer to trimer. These data would suggest that the methylene

protons have more negative charge due to the inductive effects in a

nominally trianionic species compared to a dianionic species. However,

further comparisons with Ga(CH2SiMe3 )3 in order to determine the effects

of oxidation state on NMR chemical shift would not be valid because the

coordination number around gallium has changed significantly. In the

potassium dimer gallium has an apparent coordination number of five

whereas in the sodium trimer it is six, and in Ga(CH2SiMe3)3 it is only

three. Similarly, direct comparisons of infrared frequencies assigned to

the gallium-carbon stretching modes for the various ((trimethylsilyl)-

methyl)gallium compounds are also unwarranted.

The behavior of [NaGa(CH2SiMe3)233 and [KGa(CH 2SiMe 3)232 as Lewis

acids towards the Lewis bases, diethylether, dimethoxyethane, tetra-

hydrofuran, acetonitrile and trimethylamine, was investigated in order

to determine the relative strength and primary site of reaction, the

alkali-metal ion or the gallium (1) atom. Our data suggest that

AP
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I
[NaGa(CH2SiMe3 )233 is the stronger acid and the base reacts primarily

with the alkali metal ion. These conclusions ar. based on the range of

bases which form stable 1.1 adducts at room temperature with a given

acid and the relative 1H NMR chemical shift data. The potassium deriva-

tive formed a stable adduct with only dimethoxyethane whereas the sodium

compound formed adducts with dimethoxyethane, tetrahydrofuran and tri-

methylamine. Similarly, the dimethoxyethane protons exhibit larger changes

in NMR chemical shifts upon coordination to the sodium compound than

the potassium compound. However, it is interesting to note that for the

bases studied the protons in tetrahydrofuran exhibit the largest change

in chemical shift upon coordination but the magnitude is still small

(0.25 ppm downfield) in comparison with the effects of the stronger

Lewis acid, 13 [Ga(CH 2SiMe3 )2Br]2 (0.47 ppm). It is also noteworthy that

the chemical shift of the methyl (N) protons for free N(CH3 )3 and

NaGa(CH2SiMe3)2 "N(CH3 )3 are identical. All of these data suggest that

the base coordinates with the alkali metal ion. If the base had coordin-

ated to the gallium (I), the change in alkali-metal ion should have had

a minor affect on the Lewis acidity of the low oxidation state compound.

Furthermore, ethers are stronger bases than amines towards the alkali-

metal ions whereas amines are usually stronger bases to gallium.2 The

anionic character of the Ga(CH2SiMe3)2" moiety is probably responsible

for the weak Lewis acidic behavior. An X-ray structural study 23 of

[NaBe(C2H5 )2 -0(C2H5 )2]2 has shown the ether to be bound exclusively to

the sodium ions rather than the beryllium atoms. Reactions of the

gallium (I) anions as Lewis bases will be the subject of future publications.

The dimethoxyethane adduct, NaGa(CH2SiMe3 )2 .MeOC2H4OMe, was further



-20-

characterized by cryoscopic molecular weight measurements in benzene

solution. The apparent molecular weight depends upon the concentration

of the solution. At higher concentrations, a molecular weight corres-

ponding to the timer was observed. At the lowest concentration, the

degree of association was 1.69. These data would suggest that either an

equilibrium between monomer, dimer and trimer exists in solution, or

alternatively, the [NaGa(CH2SiMe 3)333 trimer remains in tact but with

various numbers of bound dimethoxyethane molecules. The lithium deriv-

ative, LiGa(CH2SiMe3 )2 "*MeOC2H4OMe, was also prepared but it was not

sufficiently soluble in benzene for molecular weight measurements.

Therefore, a structural hypothesis is not warranted at this time.

The successful synthesis of a low oxidation state organometallic

anion of gallium opens a new area of chemistry. Periodic trends can be

used to predict that analagous compounds might exist for indium and

possibly aluminum. Similarly, the available electron pair on the main-

group metal atom in the low oxidation state also implies the potential

for nucleophilic reaction chemistry. Such aspects of the chemistry of

these metal-based anions are being actively pursued.

Acknowledgements. This work was supported in part by the Office of

Naval Research. The Varian XL-100 NMR spectrometer was obtained with

the aid of a grant from the National Science Foundation.

______________________________________________I-

I.. -I



-21-

References

1. Coates, G. E.; Green, M.L.H.; Wade, K. "Organometallic Compounds",
Methuen and Co. LTD, London, England, Vol. 2.

2. Coates, G. E.; Green, M.L.H.; Wade, K. "Organometallic Compounds",

Methuen and Co. LTD, London, England, Vol. 1.

3. Fischer, E. 0.; Hofmann, H. P., Angew. Chem. 1957, 69, 639.

4. a) Fischer, E. 0., Angew. Chem. 1957, 69, 207; b) Meister, H.
Angew. Chem. 1957, 69, 533.

5. Cotton, F. A.; Reynolds, L. T. J. Am. Chem. Soc. 1958, 80, 269.

6. Frasson, E.; Menegus, F.; Panattoni, C. Nature, 1963, 199, 1087.

7. Davidson, P. J.; Harris, D. H.; Lappert, M. F. J.C.S. Dalton 1976,
2268.

8. Poland, J. S.; Tuck, D. G. J. Organometal. Chem. 1972, 42, 307.

9. Garton, G.; Powell, H. M. J. Inorg. Nucl. Chem. 1957, 4, 84.

10. a) Beachley, 0. T., Jr.; Simmons, R. G. Inorg. Chem. 1980, 19,
b) Schmidbauer, H.; Findeiss, W.; Gast, E. Angew. Chem. Internat.
Edit. 1965, 4, 152.

11. Delwaulle, F. F.; Francois, F. Compt. rend. 1949, 228, 1585.

12. Davidson, P. J.; Lappert, M. F.; Pearce, R. Chem. Rev. 1976, 76,
219.

13. Beachley, 0. T. Jr.; Simmons, R. G. Inorg. Chem. 1980, 19,

14. Coates, G. E.; Graham, J. J. Chem. Soc. 1963, 233.

15. Shiver, D. F. "The Manipulations for Air-Sensitive Compounds", McGraw-
Hill, New York, 1969, p. 159.

16. Durkin, T.; Glore, J.; DeHayes, L. J. Chem. Ed. 1971, 48, 452.

17. Bradley, A. J. Z. Kristallog. 1935, 91, 302; Laves, F.; Z. Kristollog.
1933, 84, 256.

18. a) Evans, C. A.; Tan, K. H.; Tapper, S. P.; Taylor, M. J., J.C.S.
Dalton, 1973, 988; b) Brown, K. L.; Hall, D. J.C.S. Dalton, 1973,
1843.



-22-

19. Beanisk, J. C.; Small, R.W.H.; Worrall, I. J. Inorg. Chem. 1979,
18, 220.'

20. Cotton, F. A.; Lippard, S. J.; Mague, J. T., Inorg. Chem. 1965, 4
508.

21. Bennett, M. J.; Cotton, F. A.; Foxman, B. M. Inorg. Chem. 1968,
7, 1563.

22. Cotton, F. A.; DeBoer, B. G.; Jeremic, J. Inorg. Chem. 1970, 9,
2143.

23. Adamson, G. W.; Shearer, H.M.M. Chem. Comm. 1965, 240.

........



472 :GAN: 716:tam
78u472-608

TECHNICAL REPORT DISTRIBUTION LIST, GEN

No. No.
Copies Copies

Office of Naval Research Defense Documentation Center (Q
800 North Quincy Street Building 5, Cameron Station
Arlington, Virginia 22217 Alexandria, Virginia 22314 12
Attn: Code 472 2 U.S. Army Research Office

ONR Branch Office P.O. Box 1211
536 S. Clark Street Research Triangle Park, N.C. 27709
Chicago, Illinois 60605 Attn: CRD-AA-IP 1
Attn: Dr. George Sandoz 1 Naval Ocean Systems Center

ONR Branch Office San Diego, California 92152
715 Broadway Attn: Mr. Joe McCartney 1
New York, New York 10003 1 Naval Weapons Center
Attn: Scientific Dept. China Lake, California 93555

ONR Branch Office Attn: Dr. A. B. Amster
1030 East Green Street Chemistry Division I
Pasadena, California 91106 Naval Civil Engineering Laboratory
Attn: Dr. R. J. Marcus Port Hueneme, California 93401

ONR Area Office Attn: Dr. R. W. Drisko 1
One Hallidie Plaza, Suite 601 Professor K. E. Woehler
San Francisco, California 94102 preo K. E We eAttn: Dr. P. A. Miller 1Department of Physics & Chemistry

Naval Postgraduate School
ONR Branch Office Monterey, California 93940 1Building 114, Section D Dr. A. L. Slafkosky

666 Sumer Street
Boston, Massachusetts 02210 Scientific AdvisorAttn: Dr. L. H. Peebles 1 Commandant of the Marine Corps

(Code RD-l)
Director, Naval Research Laboratory Washington, D. C. 20380 1
Washington, D. C. 20390 Office of Naval Research
Attn: Code 6100 1 800 N. Quincy Street

The Assistant Secretary Arlington, Virginia 22217
of the Navy (R,E&S) Attn: Dr. Richard S. Miller 1

Department of the Navy Naval Ship Research and Development
Room 4E736, Pentagon nt eWashngtn, . C.2030 1Center
Washington, D. C. 20350 1Annapolis, Maryland 21401
Commander, Naval Air Systems Command Attn: Dr. G. Bosmajian
Department of the Navy Applied Chemistry Division I
Washington, D. C. 20360
Attn: Code 310C (H. Rosenwasser) 1 Naval Ocean Systems Center

San Diego, California 91232
Dr. Fred Saalfeld Attn: Dr. S. Yamamoto, Marine
Chemistry Division Sciences Division 1
Naval Research Laboratory
Washington, D. C. 20375 1 Mr. John Boyle• Materials Branch
Dr. Rudolph J. Marcus Naval Ship Engineering Center
Office of Naval Research Philadelphia, Pennsylvania 19112 1
Scientific Liaison Group Mr. James Kelley
American Embassy
APO San Francisco, California 96503 1 DTNSRDC Code 2803

Annapolis, Maryland 21402 1



472:GAN:716:abc
78u472- 608

TECHNICAL REPORT DISTRIBUTION LIST, 053

No. No.
ICopies Copies

Dr. R. N. Grimes Dr. M. H. Chisholm
University of Virginia Department of Chemistry
Department of Chemistry Indiana University
Charlottesville, Virginia 1 Bloomington, Indiana 47401

Dr. M. Tsutsui Dr. B. Foxman
Texas A & M University Brandeis University
Department of Chemistry Department of Chemistry
College Station, Texas 77843 1 Waltham, Massachusetts 02154

Dr. M. F. Hawthorne Dr. T. Marks
University of California Northwestern University
Department of Chemistry Department of Chemistry
Los Angeles, California 90024 1 Evanston, Illinois 60201

Dr. D. B. Brown Dr. G. Geoffrey
University of Vermont Pennsylvania State University
Department of Chemistry Department of Chemistry
Burlington, Vermont 05401 1 University Park, Pennsylvania 16802

Dr. W. B. Fox Dr. J. Zuckerman
Naval Research Laboratory University of Oklahoma
Chemistry Division Department of Chemistry
Code 6130 Norman, Oklahoma 73019
Washington, D. C. 20375

Dr. J. Adcock Professor P. S. Skell
University of Tennessee Department of Chemistry
Department of Chemistry The Pennsylvania State University
Knoxville, Tennessee 37916 1 University Park, Pennsylvania 16802

Dr. A. Cowley Professor K. M. Nicholas
University of Texas Department of Chemistry
Department of Chemistry Boston College
Austin, Texas 78712 1 Chestnut Hill, Massachusetts 02167

Dr. W. Hatfield Professor R. Neilson
University of North Carolina Department of Chemistry
Department of" Chemistry Texas Christian University
Chapel Hill, North Carolina 27514 1 Fort Worth, Texas 76129

Dr. D. Seyferth Professor M. Newcomb
Massachusetts Institute of Texas A & M University
Technology Department of Chemistry

Department of Chemistry College Station, Texas 77843 1
Cambridge, Massachusetts 02139 1

Professor H. Abrahamson
University of Oklahoma
Department of Chemistry
Norman, Oklahoma 73019 1


